One of the first channels to be experimentally analyzed at the LHC is p + p −→ l + + l − + X. A resonance in this channel would be a clear indication of a new gauge neutral boson, as proposed in many extended models. In this paper we call attention to the possibility that the new resonance in this channel could have spin zero. A new high mass spin zero state could be a strong indication of the composite nature of the standard model particles. We have made a comparison between spin zero and spin one for the new hypothetical heavy gauge particle production and decays and we show some distributions that can easily identify their spins.
Introduction
The Standard Model (SM) loop contributions introduce corrections at the electroweak scale that must be compensated by some nonstandard contributions. This is the main motivation for many extended models such as supersymmetry, extra dimensions, little Higgs, technicolor and composite models [1] . In composite models it is expected that more fundamental fermions, usually called preons [2] , to be responsible for the presently known matter. If this hypothesis is correct, we expect that the ordinary fermions are composite states of three preons. The Higgs field must also be a composite state and this hypothesis is expected to solve the hierarchy problem. In the same way, the SM gauge bosons could be composite states of two preons [3] . In this case we must also have new states with spin zero and residual S-P interactions. In this work we present a model and predictions for this possibility to be tested at the LHC at CERN. One of t! he first channels for new physics at the LHC will be a new neutral heavy gauge boson Z ′ that decays into a pair of charged leptons. This same final-state channel could lead to a new heavy neutral spin zero state instead of the usual studied spin one. We present bounds on possible residual S-P interactions, distributions on new scalar states decays and a detailed comparison with similar processes for new possible spin one states. We show that once a new neutral interaction is found at the LHC, its spin can be determined.
The model
The replication of fundamental fermion representations in the SM has no deeper explanation. One possibility is that the presently known matter is the result of some more fundamental particles. But this hypothesis faces a major difficulty: despite the great progress in understanding symmetries and their breaking, we have no experimental evidence for compositeness for the presently known matter. Nevertheless, we can put forward some general points that could guide us in the search for compositeness [4, 5] .
There are two main points in our hypothesis that are satisfied by most models on composite W ± and Z 0 [3] . The first very general point comes from an analogy with the quark model for hadrons: hadrons with different spins can be formed as bound states of the same constituent quarks. So, if the presently known leptons and quarks are composite states of the fundamental preons, we expect that new spin 3/2 fermions should appear [6] . If we apply the same reasoning for the massive gauge bosons W ± and Z 0 , we also expect that new spin zero bound states, φ ± and φ 0 should appear. We do not know the internal mechanism that must be present in order to form these bound states, but we do know that the SM particles follow the SM gauge group. So our second hypothesis is that the possible spin zero states also follow the SU (2) L ⊗ U (1) Y symmetry. This means that the new scalar states must have T = 1/2 and Y =!1 and must be in the fundamental representation
These two general conditions are satisfied by most of the preon models developed so far such as Harari-Shupe [7, 8] and Fritzsch-Mandelbaum [9] models.
Leptons and quarks must be in the same SM basic representation and if we add right-handed neutrino singlets the new interaction between scalars and fermions is:
This interaction can be rewritten as
In this interaction, there are two new coupling constants g 1 and g 2 and the scalar state masses must be experimentally determined. The generalization to other leptonic families and quark sectors is straightforward. The three scalar states φ ± and φ 0 must all have the same mass. We can add a fourth neutral scalar singlet χ 0 . Through χ 0 , φ 0 mixing one can generate a different mass between neutral and charged states. Let us call H the Standard Model Higgs field that develops a non-zero vacuum expectation value at the Fermi scale. Then the invariant mass lagrangian is given by:
Other quartic terms can be added but they will be not important for the new scalar mass spectrum, at tree level. The last term in this equation will mix the φ 0 and χ 0 fields and will give diferent φ + and φ 0 masses. In terms of the physical M φ 0 , M χ 0 , m φ ± masses the φ 0 ,χ 0 mixing angle is given by:
An essential point in our model is that the new scalar fields do not develop non-zero vacuum expectation values as the SM Higgs particles and no additional hypothesis as discrete symmetries [10] are introduced. Our model will be also quite diferent from two-Higgs models [11] .
Another important consequence of the model is that the scalar state χ 0 can have a low mass and it is a candidate for Dark Matter. The possibility of a spin-zero candidate was studied by Fayet [12] and more recently by Barger, Keung and Shaughnessy [13] . The relevance of spin-zero Dark Matter for the LHC searches was analised by Baer and Tata [14] .
The SU (2) L ⊗ U (1) Y invariant interaction between scalars and gauge bosons can be obtained from:
In order to compare our results for a spin zero state with possible new neutral gauge bosons of spin one, we have considered a general fermion-fermion coupling with a new Z ′ given by:
These new couplings are normalized as in spin zero interactions and the new spin one mass is taken equal as in the spin zero case.
Bounds on S-P interactions
As we have no direct experimental evidence for new particles and interactions, we expect that the scalar masses are to be placed in the region above a few hundred GeV. Our new fermion-scalar interaction generates at low energy new residual effective S-P interactions. Bounds on these new interactions from muon decay were studied in [4] . With the latest experimental values on muon decay parameters [15] we have updated these results and found with 95% C.L.:
with a, b = R, L and i, j = 1, 2. Other bounds [4] can be obtained from the K 0 −K 0 system but they do not improve the above bounds. There are experimental bounds on new neutral scalar particles [15] that imply a lower bound on their masses of a few hundred GeV's. This means that the bounds on g 1 and g 2 from the above relations are not very stringent.
In order to set more restrictive bounds on the fermion-scalar boson couplings g 1 and g 2 , we carried out a χ 2 analysis, based on the experimental data collected by the OPAL Collaboration for the quark anti-quark production at a center-ofmass energy √ s = 189 GeV [16] . A χ 2 estimator was defined as
where the corresponding experimental uncertainty, which includes both the statistical and systematic errors. The term X i = dσ/d | cos θ i | denotes the theoretical prediction for the angular distribution in the i th bin, taking into account the scalar interactions. The sum runs over N b = 20 equal-size bins. To make the comparison with OPAL data more meaningful, our simulation selected a high-energy hadronic sample for which the effective center-of-mass energy satisfies √ s ′ > 0.85 √ s. The modeling of initialstate radiation followed the structure function approach of ref. [17] . Figure 1 shows the one-and two-degree of freedom 95% C. L. exclusion contours in the g 1 − g 2 plane, both for M φ 0 = 500 GeV and 1 TeV. The one-degree of freedom contou! rs were derived by cutting at ∆χ 2 = χ 2 − χ 2 min = 3.84, whereas the correlated limit contours were obtained by cutting the χ 2 estimator 5.99 units above the minimum. In numerical estimates throughout this paper we have considered typical values g 1 = 0.2 and g 2 = 0.3.
New scalar particles at the LHC
The new scalar states φ ± and φ 0 can be singly produced at the LHC and detected through their decay into pairs of standard fermions. The charged scalars φ ± can be detected in two jets final states. One of the first and cleanest channels to be experimentally studied at the LHC will be p + p −→ l − + l + + X, where l = e, µ. There are many theoretical models beyond the SM that predict a new neutral gauge boson. In the present model, the neutral scalar field φ 0 can also contribute to this process. If a new resonance is founded in this channel at the LHC, one of the first points to be investigated is its intrinsic angular momentum. In this section we present a detailed comparison of distributions of final charged leptons (muons or electrons) for both spin one and spin zero. Besides the interaction Lagrangian presented in Section 2 we have considered a generic new Z ′ interacting with charged leptons as given by Eq. 5, with ! V-A couplings.
We applied the following cuts on the final fermions: |η| ≤ 2, 5 since the LHC detectors have better tracking resolution in this η range and M µ − µ + > 400 GeV to avoid SM background in special from the Z 0 peak. The model based on the Lagrangians (Eqs. 3, 4 and 5) was implemented in Comphep package [20] , allowing the generation of events and the calculations of total cross sections and distributions.
The total cross section for p + p −→ l + + l − + X is shown in Figure 2 . The signal is above the SM background for masses up to 2 TeV. Higher masses will require high luminosity and this background can be reduced by applying stronger cuts. In the Figures 3 and 4 we show the η µ − normalized distributions for two φ 0 different mass values. This is a very interesting variable since it depends only on angular determination of the final charged leptons. There is a clear difference for spin zero and spin one resonances. It can be noted that in the spin one case, the final leptons are produced with higher |η| than in the spin zero case.
Another useful variable that also shows spin one and spin zero different distributions is the cosine of the angle in the CM of the final leptons between one of the final state charged leptons along the direction of their boost. This is shown in Figures 5 and 6 . The clear differences between spin zero and spin one distributions are maintained for M φ 0 = 500 GeV and M φ 0 = 1000 GeV. 
Neutrino masses
As neutrinos have non-zero masses, the inclusion of right-handed neutrino singlets seems to be a natural scenario to account for their masses [18] . However, as these singlets are completely neutral (Q = 0; T = 0; Y = 0) they have no interactions with the gauge vector bosons and some additional hypothesis must be done to give non-zero masses. One possibility is the see-saw mechanism with Majorana mass terms. But this mechanism implies very high new neutrino masses that must be avoided by some new symmetry. In the present model, the new charged scalars can contribute as shown in Figure 7 , and we can have Dirac and or Majorana mass terms.
The dominant contribution to the neutrino masses is given by
where i = j = 1 for Dirac masses and i = 1, j = 2 for Majorana masses. These results suggests that neutrino masses must follow the charged leptons mass spectrum. A very important aspect of this model is that it is not necessary to have extremely high Majorana mass neutrinos as in the see-saw model. Then we can expect that Majorana neutrinos could have lower masses [19] and can be searched at the LHC. But we have not included neutrino mixings and new neutral scalar contributions. The inclusion of more parameters can, in principle, modify this simple neutrino mass spectrum and will be discussed in detail in a separate future paper.
Conclusion
In this paper we have presented a study of a possible composite model for the electroweak gauge bosons W ± and Z 0 . The near start of the experimental program of the LHC will allow to test this hypothesis. New bounds on S-P interactions were obtained from the OPAL data on the angular quark anti-quark distributions produced in e + + e − collisions. There is a very clear signature for new spin zero particles in p + p −→ l + + l − + X. We have done a detailed comparison with a possible spin one new gauge boson and show that a clear spin determination [21] can be done in the η l − and cos * θ µ − µ + distributions. The new scalar states φ 0 and φ ± can give important contributions to neutrino masses to both Dirac and Majorana terms.
